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Background: The majority of hereditary haemochromatosis (HH) patients are homozygous for the
C282Y mutation in the HFE gene. We have demonstrated a homozygote frequency of 1 in 83 for the
C282Y mutation in a retrospective analysis of Irish neonates. However, a fully developed phenotype is
not observed at the same frequency clinically, suggesting that a large proportion of Irish HH patients
may remain undiagnosed.

Aims: To determine whether underdiagnosis of HH results from the non-specific nature of early symp-
toms or incomplete penetrance of the C282Y mutation.

Methods: Seventy nine C282Y homozygous individuals identified from family screening for HH and
30 HH probands were investigated. Non-specific symptoms (fatigue, arthropathy, and impotence) and
their association with iron indices (transferrin saturation and serum ferritin) and hepatic iron deposition
were analysed.

Results: We found that 78% of men (mean age 42 years) and 36% of women (mean age 39 years)
who were identified as C282Y homozygotes following family screening had iron overload, as defined
by a transferrin saturation =52% combined with a serum ferritin =300 pg/| for men and =200 pg/I
for women. The frequency of reports of non-specific symptoms in those individuals with iron overload
was not significantly different from those who did not have iron overload.

Conclusions: Our findings indicate that underdiagnosis of HH may be due to the non-specific nature

autosomal recessive disease in those of North European

descent, with a carrier frequency estimated between 1:8
and 1:10 and a homozygote frequency between 1:200 and
1:400.' The majority of patients are homozygous for the C282Y
mutation in the HFE gene but a small proportion are
compound heterozygous for C282Y and H63D or homozygous
for the H63D mutation.”” Some individuals have no identifi-
able HFE mutation or are heterozygotes for C282Y or H63D
suggesting that other additional HFE mutations may be
involved.*"

There is considerable variation in the penetrance of the HFE
mutations but homozygosity for the C282Y mutation is the
most penetrant, leading to iron overload in at least 60% of
affected individuals." Although environmental factors may
sometimes explain the differences in variability of iron
accumulation and associated clinical presentation, it is more
likely that genes other than HFE and/or other HFE mutations
are responsible for this phenotypic variation."” Animal studies
have already demonstrated that other genes involved in iron
metabolism can modify the HH phenotype and it is
hypothesised that loss of function mutations or polymor-
phisms in these genes could ameliorate or exacerbate the HH
phenotype.”

We have demonstrated that 93% of Irish HH patients are
homozygous for the C282Y mutation and we have also identi-
fied an allele frequency of 11% in Irish neonates, indicating a
homozygote frequency of 1 in 83 for this mutation.” " The
relationship between HH genotype and phenotype in the Irish
population has not yet been examined but our finding of a
C282Y homozygote frequency of 1 in 83 is not reflected in the
clinical setting. This may suggest that a large proportion of
Irish HH homozygotes remain undiagnosed. This underdiag-
nosis may result from lack of awareness of the disease, its long
latency period, and its non-specific symptoms, or simply
incomplete penetrance.”

I | ereditary haemochromatosis (HH) is the most common
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of early symptoms and less frequently to the incomplete penetrance of the C282Y mutation.

Consequently, the purpose of this study was to determine
whether underdiagnosis or incomplete penetrance could
explain the discrepancy between genetic prevalence (geno-
type) and clinical expression (phenotype). In particular, non-
specific symptoms (fatigue, arthropathy, and impotence) and
their association with iron indices (transferrin saturation and
serum ferritin) were analysed. Seventy nine C282Y homo-
zygous relatives identified from family screening were selected
without reference to their health status and can be considered
to be clinically unselected. This approach overcomes ascertain-
ment bias that results in an overestimate of disease expression
when patients are detected based on symptomatology.
Furthermore, this approach can be considered to be a substi-
tute or surrogate method for population screening as the
identification of 79 C282Y homozygous individuals from
population screening would have necessitated screening at
least 7000 individuals based on a homozygote frequency of 1
in 83 for this mutation in Ireland.

MATERIALS AND METHODS

Probands

Thirty unrelated patients diagnosed with HH were studied
and comprised 22 males (mean age at diagnosis 47 years,
range 24-72) and eight females (mean age at diagnosis 39
years, range 30-60). The diagnosis was made on the basis of
clinical history, physical examination, persistently raised iron
indices, and hepatic iron deposition. All patients were homo-
zygous for the C282Y mutation. The following variables were
analysed: sex, age at diagnosis, transferrin saturation (%),
serum ferritin, liver enzymes (alanine aminotransferase (ALT)

Abbreviations: HH, hereditary haemochromatosis; ALT, alanine
aminotransferase; AST, aspartate aminotransferase.
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Table 1 Age and iron indices in male and female probands and in the C282Y homozygotes identified through family
screening
Male probands Male C282Y homozygotes Female probands Female C282Y homozygotes
Variable (n=22) (n=40) (n=8) (n=39)
Age (y) 47 (1) 41 (14) 39 (10) 38 (15)
Transferrin saturation (%) 80 (14) 75 (13) 80 (16) 64 (21)
Serum ferritin (pg/I) 1277 (860) 889 (891) 732 (357) 222 (224)
Results are means (SD).

Table 2 Comparison of symptomatology at diagnosis or screening and iron indices
in male probands and in C282Y homozygotes identified through family screening
with iron overload, as defined by transferrin saturation =52% and serum ferritin
=300 pg/I

Identified C282Y

homozygotes with iron
Variable Probands overloa p Value
Age (y) 48 (10) (n=21) 42 (13) (=31 0.082
Transferrin saturation (%) 81 (14) (n=21) 80 (10) (n=31) 0.620
Serum ferritin (pg/|) 1327 (84¢) (n=21) 1049 (930) (n=31) 0.059
Fatigue 14/19 (74%) 17/31 (55%) 0.183
Arthropathy 9/19 (47%) 11/31 (35%) 0.405
Impotence 2/15 (13%) 5/26 (19%) 1.00
Results are means (SD).

and aspartate aminotransferase (AST)), and the presence or
absence of fatigue, arthropathy, and impotence at diagnosis.

Subjects identified from family screening

Seventy nine C282Y homozygous individuals were identified
from family screening. These were from 46 families and con-
sisted of 43 siblings, 25 children, three parents, two cousins,
five nieces/nephews, and one grandchild. There were 40 males
(mean age at screening 41 years (17-72) and 39 females
(mean age at screening 38 years (15-69)).

The following variables were analysed: sex, age at screening,
relationship to proband, HFE status, transferrin saturation
(%), serum ferritin, liver enzymes (ALT and AST), and the
presence or absence of fatigue, arthropathy, and impotence at
screening.

Serum iron indices

Fasting serum iron concentration and total iron binding
capacity were measured using a colorimetric assay on a Beck-
man CX7 analyser. Transferrin saturation was then calculated
as serum iron/total iron binding capacityx100. Transferrin
saturation was considered to be elevated when =52%. Fasting
serum ferritin was measured using a microparticle enzyme
immunoassay on an Abbott IMX analyser. Iron overload was
considered to be present when serum ferritin was =300 pg/l
for men and =200 pg/l for women.

Liver enzymes
ALT and AST were considered to be elevated when >40 IU/1 .

Identification of HFE mutations

DNA was extracted from whole blood or from blood spots on
Guthrie cards and amplified for the C282Y and H63D
mutations, as previously described." Homozygosity for C282Y
was confirmed using the primer described by Jeffrey and
colleagues.*®

Hepatic histology

Liver biopsy sections were stained with Perls” Prussian blue
stain for iron. The amount of stainable iron in hepatocytes was
graded 0-4." The presence or absence of liver architectural
changes, including inflammation, fibrosis, and cirrhosis were
also noted.

Statistical analysis

All data were entered on an SPSS version 8.0 for Windows
database. Values are presented as means (SD). Comparisons
between groups were made using X’ analysis or Fisher’s exact
test for symptomatology; the Mann-Whitney U test for serum
ferritin; and the independent ¢ test for per cent transferrin
saturation and age. All p values are two tailed. A p value of
<0.05 was considered significant.

RESULTS

Iron indices

For the purposes of this study, iron overload was considered to
be present when fasting transferrin saturation was =52%
combined with a serum ferritin =300 pg/l for males or =200
pg/l for females.

Probands
The study compared 79 C282Y homozygous relatives (40 men
and 39 women) with 30 (22 men and eight women) probands
(table 1).

Ninety five per cent of male probands (21/22) had iron
overload, as defined by the above criteria. The remaining male
proband (1/22) had a transferrin saturation of 60% and a fer-
ritin of 214 pg/l aged 24 years, and was identified during a
routine medical screen when he was found to have mildly
abnormal liver function tests (alkaline phosphatase 203 IU/
and ALT 54 IU/1).

Eighty eight per cent (7/8) of female probands had iron
overload, as defined by the above criteria. The remaining
female proband (1/8) had a transferrin saturation of 69% and
a serum ferritin of 174 pg/l at 60 years. She was not initially
diagnosed at this centre and the reason for her initial presen-
tation is not available.

Identified homozygotes

The majority of male C282Y homozygotes identified by family
screening—that is, 78% (31/40)—had iron overload while 36%
(14/39) of females had iron overload. Age, iron indices, and
symptomatology of those found to be C282Y homozygotes
through family screening were compared with those of the
proband cohorts (tables 2, 3). Mean age of the probands (male
and female) was not significantly different from that in the
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ferritin =200 pg/I

Table 3 Comparison of symptomatology at diagnosis or screening and iron indices
in female probands and in female C282Y homozygotes identified through family
screening with iron overload, as defined by transferrin saturation =52% and serum

Identified C282Y
homozygotes with iron

Variable Probands overloa p Value
Age (y) 36 (5) (n=7) 39 (15) (n=14) 0.600
Transferrin saturation (%) 82 (17) (n=7) 72 (13) (n=14) 0.173
Serum ferritin (pg/|) 811 (299) (n=7) 419 (248) (n=14) 0.003
Fatigue 6/6 (100%) 6/14 (43%) 0.041
Arthropathy 2/7 (29%) 3/14 (21%) 1.00

Results are means (SD).

compared with those without iron overload

Table 4 Comparison of symptomatology at diagnosis or screening and iron indices
in male C282Y homozygotes identified through family screening with iron overload

Identified C282Y

homozygotes with iron

Identified C282Y
homozygotes without iron

Variable overload overload p Value
Age [y) 42 (13) (n=31) 36 (16) (n=9) 0.246
Transferrin saturation (%) 80 (10) (n=31) 60 (13) (n=9) 0.000
Serum ferritin (pg/|) 1049 (930) (n=31) 333 (418) (n=9) 0.0002
Fatigue 17/31 (55%) 3/9 (33%) 0.45
Arthropathy 11/31 (35%) 3/8 (37.5%) 1.00
Impotence 5/26 (19%) 1/9 (11%) 1.00

Results are means (SD).

compared with those without iron overload

Table 5 Comparison of symptomatology at diagnosis or screening and iron indices
in female C282Y homozygotes identified through family screening with iron overload

Identified C282Y

homozygotes with iron

Identified C282Y
homozygotes without iron

Variable overloa overloa p Value
Age (y) 39 (15) (n=14) 37 (15) (n=25) 0.740
Transferrin saturation (%) 72 (13) (n=14) 59 (23) (n=25) 0.056
Serum ferritin (pg/I) 419 (248) (n=14) 112 (104) (n=24) 0.000
Fatigue 6/14 (43%) 7/25 (28%) 0.481
Arthropathy 3/14 (21%) 1/25 (4%) 0.123

Results are means (SD).

identified homozygotes (male and female). Nine of 40 identi-
fied male C282Y homozygotes did not have iron overload, six
of these nine (67%) had a transferrin saturation =52%, and
one had a serum ferritin level =300 pg/l. Twenty five women
did not have iron overload, 16 (64%) of these had transferrin
saturation =52%, and three had elevated serum ferritin (226
pg/l at age 36 years, 312 pg/l at age 68 years, and 483 pg/l at age
69 years). Age, iron indices, and symptomatology in male and
female patients who were found to be €282Y homozygotes
and expressed HH were compared with those identified
homozygotes who did not have iron overload (tables 4, 5).
Mean age of the identified expressing homozygotes (male and
female) was not significantly different than the mean age of
the non-expressing homozygotes (male and female).

Liver enzymes

ALT and AST levels at the time of diagnosis or screening were
available for 54 individuals (16 probands and 38 identified
C282Y homozygotes). Of the 16 probands, 12 reported fatigue
at the time of diagnosis, eight of whom had raised ALT levels
and five of these eight also had raised AST levels. Nineteen of
the 38 patients found to be homozygotes following family
screening reported fatigue at the time of screening, eight of
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whom had raised ALT; three of these eight also had raised AST
levels. Fourteen of the 19 identified homozygotes who
reported fatigue at the time of screening had elevated iron
indices, seven of whom had raised ALT and three of these
seven had raised AST levels. No significant associations were
observed with regard to elevated ALT or AST levels and fatigue
in the group of 54 individuals overall, nor was there a positive
association between elevated iron indices (probands and
identified homozygotes with elevated iron indices) and
fatigue.

Symptomatology
Males
Fatigue was reported by 74% (14/19) of male probands and
55% (17/31) of the expressing iron overloaded male homozy-
gotes (p=0.183): corresponding values for arthropathy were
47% (9/19) compared with 35% (11/31) (p=0.405), and for
impotence, 13% (2/15) compared with 19% (5/26) (p=1.00).
Three of nine (33%) men who were C282Y homozygous but
did not have iron overload had fatigue compared with 17/31
(55%) in the expressing group (p=0.45). Three of eight with-
out iron overload had arthropathy compared with 11/31 in the
expressing group (p=1.00). One of nine without iron overload
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Table 6 Hepatic iron deposition in male and female probands, in C282Y
homozygotes identified through family screening with iron overload, and in
C282Y homozygotes identified through family screening without iron overload

Cohort

Hepatic iron deposition

0 1+ 2+ 3+ 4+

Males
Probands (n=17)
Identified with iron overload (n=20)
Identified without iron overload (n=4)
Females
Probands (n=6)
Identified with iron overload (n=10)
Identified without iron overload (n=7)

0 1 2 8 6
0 5 4 9 2
0 3 1 0 0
0 1 1 8 1
1 1 1 S 2
1 2 3 1 0

was impotent at screening compared with 5/26 in the express-
ing cohort (p=1.00)

Females

All female probands complained of fatigue compared with
43% (6/14) of the expressing female cohort (p=0.041). Twenty
nine per cent of probands (2/7) and 21% (3/14) of the express-
ing homozygotes had arthropathy (p=1.00).

Seven of 24 (28%) identified females without iron overload
had fatigue compared with six of 14 (43%) in the expressing
cohort (p=0.481), and one of 25 (4%) without iron overload
had arthropathy at the time of screening compared with three
of 14 (21%) in the expressing group (p=0.123).

Liver histology

Information on hepatic iron deposition was available for 23
iron overloaded probands, 30 individuals identified from fam-
ily screening with elevated iron indices, and 11 individuals
without elevations in both transferrin saturation and serum
ferritin. These 11 individuals underwent liver biopsy because
of elevated transferrin saturation in 10 of 11 cases or elevated
serum ferritin in one case (table 6).

There were no significant differences in the frequency of
reports of fatigue and arthropathy in males and females and
impotence in males when those with hepatic iron deposition
=3+ were compared with those who had <3+ iron deposition
for both the proband and identified cohorts. It was not possi-
ble to compare symptomatology in the non-elevated iron indi-
ces group with respect to hepatic iron deposition because the
numbers were too small.

Information on the presence or absence of inflammation,
fibrosis, and cirrhosis was available for 17 probands (14 male
and three female), 16 identified homozygotes with elevated
iron indices (12 male and 4 female), and six identified
homozygotes without elevated iron indices. No significant dif-
ferences were observed in the incidence of inflammation,
fibrosis, or cirrhosis in the proband cohorts (male and female)
compared with the elevated iron indices cohorts (male and
female).

DISCUSSION

This study attempted to address the apparent discrepancy
between homozygosity for the HFE C282Y mutation and dis-
ease penetrance. The study used a surrogate method for esti-
mation of the penetrance of the C282Y mutation, whereby 79
C282Y homozygous individuals identified or discovered from
family screening were screened for phenotypic expression of
the disease. Identification of this number of homozygotes by
population screening strategies would have involved screening
between 7000 and 9000 individuals depending on geographic
location. Subsequently, these identified homozygotes were
compared with a group of C282Y homozygous probands.

Expression of HH, as defined by a transferrin saturation =52%
and serum ferritin =300 pg/l for males and =200 pg/l for
females and its association with fatigue, arthropathy, and
impotence, were specifically investigated. A cut off value of
=52% was chosen as this value equates to a transferrin satu-
ration of =45% calculated when transferrin is detected
immunochemically, and identifies 98% of affected individuals
while producing few false positive results.* *'

Our data showed that 78% of males (mean age 42 years)
and 36% of females (mean age 39 years) who were identified
as C282Y homozygotes following family screening were found
to have iron overload. The fact that only 36% of identified
female C282Y homozygotes expressed HH is probably a reflec-
tion of the protection afforded to women via menstruation
and pregnancy.

Interestingly, if an elevated transferrin saturation of =52%
had been used as the only screening tool, 93% of male and 77%
of female C282Y homozygotes discovered through family
screening could be said to be exhibiting early phenotypic
expression.

Although the frequency of fatigue in female probands was
significantly different from the identified expressing cohort,
the overall frequency of reports of non-specific symptoms
(fatigue, arthropathy, and impotence) in male and female
individuals with iron overload (probands and expressing
homozygotes) was not significantly different from those iden-
tified homozygotes who did not have iron overload. It is
known that women report fatigue more frequently than men
but the pathogenesis of fatigue in HH and indeed other
chronic liver diseases is still poorly understood. *

Iron overload was found in the presence of fatigue (55%
males and 43% females), arthropathy (35% males and 21%
females), and impotence (19% of males), which shows that
many identified homozygotes are in fact symptomatic, with
frequently unrecognised early non-specific symptoms that can
develop into life threatening disease. This emphasises the
importance of family screening and indeed the requirement
on the part of the physician to have a high index of suspicion
in the presence of non-specific symptoms when a patient
attends for investigation of these symptoms. Our findings
support a recent study that examined the prevalence of
disease related conditions defined as cirrhosis, fibrosis,
elevated aminotransferase levels, and radiologically confirmed
haemochromatotic arthropathy in 214 C282Y homozygous
relatives. The results demonstrated that a substantial
number of homozygous relatives (52% of males >40 years and
16% of females >50 years) have conditions related to HH that
have yet to be clinically detected. These data also support our
conclusions regarding the importance of conducting thorough
family screening.

Conversely, our finding that a substantial proportion of the
78% of male and 36% of female identified homozygotes that
had iron overload were in fact asymptomatic highlights the

www.gutjnl.com



112

importance of considering evaluation of iron status as part of
routine adult health care." This finding may also indicate that
asymptomatic individuals identified through biochemical
screening may have milder clinical manifestations compared
with probands and that a proportion may remain without
serious clinical symptoms even if untreated.”

One of the problems associated with penetrance studies is
the question of what constitutes a diagnosis of HH. A diagno-
sis of HH can be based on clinical symptomatology such as
pigmentation, diabetes, and liver disease, on biochemical
expression, as defined by elevations in transferrin saturation
and serum ferritin, or as defined by an elevation in transferrin
saturation only, and by homozygosity for the C282Y
mutation.” There may be considerable discrepancies in
estimations of disease penetrance depending on whether pen-
etrance is based on clinical symptomatology or on biochemical
parameters. We report here a disease penetrance based on bio-
chemical parameters with respect to homozygosity for C282Y
in 78% of men and in 36% of women who were discovered
through family screening. In conclusion, our results indicate
that underdiagnosis of HH may in fact be due to the
non-specific nature of early symptoms and less frequently to
the incomplete penetrance of the C282Y mutation.
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